M r President, I m a parliamentarian, and as a parliamentarian I'd much sooner see that epigram applied to an After Dinner Speech, though I don't think I d get away with it. I'm not suggesting that I'm going to add any thing at all to the sum o f human knowledge but, being the principal guest and the first speaker at a function o f a Society whose first and foremost aim is to extend the sum total o f human knowledge I feel extremely diffi dent and I must say you're the most terrifying audience to which I've ever had to speak. N ow in your fields, M r President, o f course, I am a layman and I hope you 11 indulge me for a few moments if I speak to you about how a layman sees science today. I make a great many visits and I must say that what I see in the research establishments really is witchcraft. W ithin a few days recently I found myself first o f all within an overcrowded primary school that should have been demolished long ago. A few days later I was inside the ring of the electron synchrotron at Daresbury. That same afternoon I stood in the radio telescope, with Sir Bernard Lovell, I should add. A few days later I was at the opening o f an intimate theatre in the centre for the Arts in Birmingham and a few days after that I spent a day with the Vice-Chancellor at one o f our new universities. O f course, M r President, finance is at the forefront o f our minds at the present time, because o f the over-riding need to live within our means. But going round these various establishments I couldn't help reflecting on what very different consequences, say, an additional million pounds would have had for each o f these institutions. So sharply am I faced w ith the problem o f priorities and the cost o f financing education today has become so great, that a consideration o f priorities is inevitable.
The common factor in all these places was the enthusiasm and the dedication that I saw. The work at Daresbury andjodrell Bank is, o f course, highly complex, both scientifically and technically, but I must say, Mr President, that I found myself feeling a deep sympathy with the ideals which move men to penetrate deeper and deeper into the innermost recesses o f nature. I caught something o f the excitement o f discovering a new pulsar or a new particle, and I felt something o f the technical and administrative difficulties through which the scientist's enthusiasm and dedication must inevitably pass on his way. I'm told, that in the jargon o f the day, this is curiosity-orientated science. I really do think, M r President, that this is an ignoble description. I don't think we do ourselves any good by giving a throw-away title to work that on any showing stands on the forefront o f man's achievements.
The United Kingdom excels in these endeavours currently in at least three fields: in radio-astronomy, quasars and pulsars are the centre o f attrac tion. N ow the quasars are strange enough. I am told that at least on the orthodox interpretation quasars are enormous sources o f energy so far away that the light reaching us now has taken for its journey a time which is a substantial fraction o f the age o f the universe. Someone even suggested that certain other radiations-recently discovered-actually arose from the bang with which the universe may have started. W ho knows, perhaps we may be looking at the signature o f creation.
If quasars are strange, the pulsars, which were first discovered in Sir Martin Ryle's group at Cambridge, are even stranger, emitting pulses o f radiation at remarkably regular intervals, some of them pulsating at fre quencies o f many times a second.
N ow these are matters, o f course, for further discussion, and no doubt for controversy, but clearly we are on the brink o f something very exciting, some significant penetration, far beyond the present boundaries o f knowledge.
Secondly, high energy nuclear physics is at first sight very remote from astronomy; but we may perhaps have here the key to the massive amounts o f energy sent out by the quasars. Our knowledge o f elementary particles, if indeed they can be called such now, has grown rapidly. In 1945, I under stand, only about half a dozen had been observed. Last year the list exceeded a hundred. I am told that these particles and their properties exhibit extra ordinary patterns o f symmetry that even a layman like myself might begin to understand and appreciate. Could it be here, M r President, that we glimpse an underlying unity; that we may one day enunciate the laws o f physics, in which the behaviour o f very small things, and o f the universe as a whole, come together. It seems to me that the grandeur o f the total view here is quite staggering; it will certainly rival, and perhaps surpass, that o f N ewton's laws.
Thirdly, what is happening in molecular biology is more familiar but, I believe, none the less exciting. It is really quite extraordinary that the laws o f genetic inheritance can now be cast in terms o f chemistry and physics. Linked with this, there is tremendous progress in the medical field in the understanding o f diseased cells, the advances in immunology, the ability to transplant living organs and the greater understanding o f ageing and degeneration.
Mr President, I hope that my own sympathy and appreciation for science as one o f the higher activities of man, giving understanding that our forbears would have held belonged only to God, is shared by all educated men. It certainly should be, but I am afraid that even this will not guarantee that we go on doing these things well unless we also face up to the problems that the pursuit o f science raises for society. First, as I said at the outset, the prob lem is sorting out our priorities, of justifying resources for science in a climate o f opinion which is increasingly preoccupied with short-term growth and economic benefit. N ow certainly scientific understanding can lead to technological developments that increase wealth in the short term. Certainly some o f the people trained even in the highly intellectual and technical skills o f high energy physics or even radio-astronomy go into industry and industry can, if it will, benefit enormously. But is this enough? I don't think it is. I think increasingly the scientist himself must be more aware o f his role in society. And the non-scientist also must have a greater awareness o f science. This question o f the priority that Society is willing to give to science is a very big one, embracing both economic returns from science and the sociological consequences o f the application o f science. The harmful consequences of the application o f scientific discovery are often before the public these days i smoke and smog, the pollution o f rivers and streams, the hazards o f radioactive wastes or o f modern pesticides, the bomb and so forth. W e should, of course, be aware o f these things, but the public should hear a great deal more about the benefits which science brings to mankind. For example, the wealth generated by semiconductors, which stem from the earlier work on the quantum theory, or the relief o f misery and the saving of life by antibiotics. The public, the man in the street, must understand why these benefits can't be readily predicted. He must, as it were, be prepared to cast his bread upon the waters so far as science is concerned. He must know why it is important that he should continue to support science as an essential long-term investment. But equally, scientists themselves must give more thought to the implications and the consequences o f their discoveries. Now, M r President, I wouldn't go so far as Dr Edmund Leach, nor, indeed, so far as some o f his correspondence column critics, some o f whom I see here tonight, to say that the scientist has the right to play God, that the scientist must be the source o f his own morality. He may, as I said, have achieved an understanding which our forbears held belonged to God. But our idea o f God is surely not solely a product o f history. The concept o f the Deity has much more to it than this, and if I were a theologian, which I am not, if I were going to develop this subject tonight, I'd call in aid some o f the discoveries o f science, some o f your penetration into the innermost recesses o f nature, as evidence to support this assertion. But I would accept that the increased power which you, gentlemen, and your colleagues have given us, to change the face of the Earth, to destroy all life on the Earth, to land on the moon, even perhaps to change the nature o f individual men, does bring with it increased moral responsibility, which is not only for you but which we all share, especially the politicians. Education must help to impart this enhanced, increased, moral responsibility. As I see it, one o f the consequences o f scientific discovery is that we must have better people; but the sources o f their morality, I should have thought, were unchanged.
The second problem is to make sure that our institutions keep pace with progress at the frontiers o f science-and the pace is astounding. When I go round the primary schools seeing children o f five or six years o f age, and consider that in rather less than twenty years, most o f it spent in education, some o f them may themselves be extending man's understanding o f the universe, I can only wonder at what has to be accomplished by the teachers in those intervening years in our schools and universities. And I do often wonder, Mr President, whether we do organize our institutions in the best possible way to meet this enormous challenge. Certainly, some will say, in a sense, science gets easier, rather than more difficult to teach, as new laws and theories unify more and more disparate facts. But there is still an immense and growing burden on teachers to assimilate and present science to the young. I know that your Society recognizes this and is doing a great deal to help.
Again, scientific growth knows no boundaries between disciplines, between chemistry, physics and biology. Those skilled in theoretical nuclear physics may rightly have a place alongside the practical astronomer, the crystallographer with the geneticist and, looking more widely, the scientist with those concerned with the humanities. All this imposes new demands on our institutions of higher education, not least that they should be flexible in their organization o f studies. W e must not let our traditional educational arrangements inhibit the growth o f new relations within science and between science and the other subjects. Your work, I believe, is illustrating the one ness ot knowledge and those whose job it is to transmit knowledge must respond to this new perspective. The development o f Polytechnics as comprehensive centres o f higher education, allied with the flexibility given by the Council for National Academic Awards, is a direct response in the organization o f our educational institutions to the kind o f challenge which your work throws out. And may I say that I believe there is a great need for other institutions o f higher education to accept the challenge by showing flexibility and willingness to experiment and innovate.
The third problem is whether, in fact, the classical scientific education is right for everyone who chooses it. W e cannot and should not try to afford, I believe, facilities for all those studying science to go to the frontiers o f research in their chosen subject. And indeed we must ask whether it's right for a fixed proportion to do so. As more and more young people go to university, and study science, we need to ask ourselves for what kind of careers are they being prepared. N ot all will become practising scientists. But increasingly we need people in other walks o f life who know what science is about. W e must solve the problem in education o f creating sufficient sympathy in the public to appreciate the value o f science in society and to accept that it has a proper place amid other pressing priorities. W e must solve the problem o f producing a core o f able managers and adminis trators sufficiently sympathetic and conversant with science to take a full share in the decisions about men and money that will always face a national science policy. Now, of course, Mr President, neither I nor any government can solve these problems alone. But I am certain that you as scientists and teachers have a very crucial part to play in their solution. The Royal Society has shown itself very aware o f the problems o f which I have spoken tonight and I know it takes an important and growing interest in education. May I say how delighted I was to see that you had invited a number o f schoolmasters here tonight. I do most warmly commend the work o f the Society to forge stronger links with education and for making its great reservoir o f knowledge and expertise available more widely to all o f us who are involved in educa tion. I hope that this work will go on from strength to strength. M r President, I wish you and the Society every success in your endeavours. May this great Society go on in the years ahead as it has done for so long, illuminating the path of mankind with knowledge.
The President replied:
Historically, I suppose that in most countries at most times a Minister o f Education could be expected to lead a relatively quiet life. N ot so today. W hat with the stringency o f finance in some countries and student unrest in others, and both student unrest and financial stringency in a few, a Minister o f Education must expect a somewhat hectic life. W hen, as in the U.K., one adds to this not only the responsibility for mass education but also the overlordship o f Curiosity Directed Science and Curiosity Directed Researchers-and very difficult people they are sometimes-then life must be rather hard. Appreciating the onerous burden on you, I want to express my gratitude that you, Mr Secretary of State for Education and Science, have found time to come here today, amid all your very pressing engagements all over the country, and deliver to us a stimulating and thoughtful talk.
W e welcome very greatly your praise o f British pure scientific research and your determination, evident from what you have said, that this great tradition shall be maintained in future. W e also value the custom o f your Department that, within the available financial resources made available by the Government at any one time, the detailed allocation o f the money for scientific research, is left to the decision o f the Research Councils.
However, a real test o f a science policy is still to come. Anyone can run science policy when the budget is increasing very fast; it is rather difficult when it is increasing rather slowly and very difficult indeed when it is reducing. So, Sir, the test o f your policy-making organization, that is the Research Councils and the C.S.P.-I think it is a good organization-is still to come in the future.
Britain is not alone in suffering a reduction in the rate o f growth o f funds. In the United States it is already happening; in France it may be happening tomorrow. But the difficulties go farther than financial stringency. There are signs that the very objectives of science are under scrutiny. In a recent issue of the American journal Science, the journal o f the American Association for the Advancement of Science, under the title 'Is the Picnic Over?' the writer holds that the scientific community will have to prove to the outside world that science is applicable to man's more pressing problems: and that failing this American scientists may have to acclimatize themselves not only to stationary but to dwindling budgets.
Certainly no one today can fail to be aware o f the vast discrepancies between the capabilities o f modern science and technology and the realities o f the world today. I believe that it was the late Aneurin Bevan who many years ago epitomized the dilemma in the words 'This new television is wonderful. N ow one half o f the world can watch the other half starve. ' Last August a strong delegation from the Royal Society paid a visit to Brazil and Mexico to foster in any way it could closer scientific relations. I wish to express my gratitude to Their Excellencies the Brazilian and the Mexican Ambassadors who did so much to help in making the arrangements for the visit. W e are glad, Your Excellency the Brazilian Ambassador, to have you here tonight and sorry that your colleague could not come. W e are now preparing our report and hope to elaborate arrangements by which we can strengthen and make more intimate the contacts between Great Britain and your two countries.
One thing we could not fail to observe was the similarity, and o f course, the differences, between the activities o f university students in Latin America and in Europe. W hen in Brazil I went to give a lecture on my special and rather pure-scientifically pure-subject, Rock Magnetism, I found the physics department occupied by the students, the students sitting at the front door with the keys in their pocket playing chess. They were kind enough to lift the ban for the afternoon and they left their posts and came to my lecture and they seemed to enjoy it! It was the same students who, about the same time, went to their professor, a very able man, who had a very good laboratory, and said they thought he ought to stop this funda mental research and do something useful to their country, Brazil. It is not a very easy question to answer in a few wise words, especially when one realizes that the wealth per head in Brazil is one-seventh o f that in Great Britain and about the same as that in Ghana. Should the people do pure science, or should they do applied science?-a really big question-or how much o f each?
Widely different as are clearly the motivations o f the student revolts in different countries, there seem to be some similar factors in all o f them: among them may be counted a rather diffuse reaction against the organization of present-day society. And since science and technology play such a large role in shaping our present society, the reaction could easily become directed explicitly against science itself. It thus behoves us scientists, if only in our own interest, to study and understand the place o f science and technology in the modern world.
In the distant future, when our material wants are satisfied-if ever they are ^ie ro^e science in society will be as a constituent part o f man's whole cultural heritage: it will then take its place along with the other manifestations o f m an's creative spirit: literature and music, painting, sculpture, architecture: and just living. But in the short run science must be valued for its use as well as for its beauty. So mentally one is compelled to come down from these high flights o f imagination about the future to such practical matters today as the application o f science and technology to industrial productivity, to exports and the balance o f payments.
Some people were afraid that the setting up o f a Ministry o f Technology separate from the Department o f Education and Science might lead to the discussion o f these vital matters o f the role o f science being neglected. I do not think that this has happened. O n the contrary, the two Ministries have got together and created the Committee on Manpower Resources for Science and Technology, presided over by Lord Jackson. This Committee has fathered notable triplets named Dainton, Swann and Jones: parents and offspring are doing well. Perhaps biologists may see in this a case o f cross breeding leading to hybrid vigour.
Between them, these three reports cover the flow from the school to the university, from university to employment in general and to employ ment in manufacturing industry in particular, including, o f course, a full discussion o f the Brain Drain. I believe that these reports, by their recom mendations and perhaps more important by the discussion that they have provoked, have done much to orient the thinking o f universities more posi tively than in the past to the needs o f industry and indeed to the needs o f the economy as a whole. Never in my life do I think the universities have been as close to industry as they are today-they were very far apart in my youth; there is still much to be done, but a lot, I think, is quietly being achieved.
One very important lesson which we have learnt, or are beginning to learn, is that the scientist is needed in all stages o f the industrial process, including production, marketing and sales, and not only, as we sometimes tended to think, in the research stage. The long apartheid between research and application is at last rapidly breaking down, but it still can be found. W e are learning slowly not to think like the young agricultural research worker recently, who, when asked to lend a hand with some urgent job in the field, said, 'But that is not research: that is actually doing something.'
Most o f the discussions o f these three reports have been mainly concerned with higher secondary education. But you, Sir, M r Secretary o f State, would not need me to remind you of the paramount importance o f our basic education for the efficiency o f our industrial system. For instance, in the powerful analysis o f Britain's Economic Prospects, issued by the Brookings Institute in Washington, strong emphasis is placed on the gains to the industrial efficiency which could result from increasing the fraction o f an age group who stay on at school after 15. Attempts were even made to quantify the effect of this educational advance. The single most important measure to attain this aim would be, o f course, to raise the official school age.
Much of Britain's educational system is very good-and at the university level it is envied in many parts o f Europe. But Britain has too little education, as measured by the fraction of the age group educated to the higher second ary level. For it is clear that much o f sophisticated modern manufacturing demands that its work force on the shop floor should have had much more education than has been customary in the past. I know o f one ultra-modern factory where o f 500 employees 100 are Q.S.E.s, including trained managers. This is surely the pattern o f the manufacturing industry o f the future. The educational system must catch up with it. If it does not, our manufacturers will not be competitive in the world markets, our balance o f payments will be negative and another internal financial freeze may once again stop you, M r Secretary o f State, or your successor, from the long overdue reform o f the raising o f the school age.
M r Secretary o f State, I wish once more to express our deep gratitude to you for coming here tonight and for the way in which you have proposed the health o f the Society.
